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mn/T I -FREQUENCY INDUCTIVE METHOD AND APPARATUS 
FOR THE PROCESSING OF MATERIAL 

Chemical Vapour Deposition (CVD) is used on a 
large scale in industry for depositing layers of a certain 
material onto a substrate as general term, at typical 
temperatures of 800 °C or more. By lower temperatures, Plasma 
5 Enhanced Chemical Vapour Deposition (PECVD) can be used. 

However this has the disadvantage that defects in uniformity 
can occur when depositing layers onto three dimensional 
objects. PECVD is thus mainly used for depositing layers 
onto flat surfaces. For applying thin films at low 

10 temperatures a so called Distributed Electronic Cyclotronic 
Resonnance Reactor (DECR) is also used for uniformity on 3- 
dimensions substrates. However DECR apparatus is complex and 
expensive for industrial applications, whilst at the same 
time the deposition rate is too low for most of the 

15 industrial applications. 

The purpose of the present invention is to provide 
a method and apparatus wherein at relatively low 
temperatures, substantially under 800°C for the substrate, 
layers can be applied whilst achieving a high deposition 

20 rate, an excellent three dimensional uniformity and wherein 
the microstructure of the deposited layers can be accurately 
controlled and/ or electrically conducting layers can be 
deposited. 

Accordingly the present invention provides a 
25 method for the processing of a substrate of a certain 
material, wherein the material is heated by induction at 
relatively low frequency and wherein a relatively high 
frequency electrical current is used for further processing 
of said material. 
30 In this context the word substrate comprises any 

object of any shape of a certain material and also a certain 
quantity of bulk material. 
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Further the present invention provides an 
apparatus for processing a substrate, wherein the apparatus 
comprises: 

- a reactor chamber with an outer wall, which is 
5 at least partially made from non-electrically conducting 

material ; , 

- arranging means for arranging of the substrate 
in the reaction chamber; and 

- an electric conductor, for generating an 

10 alternating electric field in the reactor, which is provided 
adjacent to the wall of the reactor. 

Further advantages, characteristics and details of 
the present invention will become clear with respects to the 
following description of a preferred embodiment thereof, and 

15 to the accompanying figure. 

A preferred embodiment 10 of the apparatus 
according to the present invention for the carrying out of a 
preferred embodiment of the method according to the present 
invention, comprises a substantially cylindrical or tubelike 

20 reaction chamber 1, around which an electromagnetic winding 
2 is arranged. An object o for instance made of metal, is 
suspended or otherwise arranged in the chamber. The object O 
can be made of conducting material. The wall 1 is built from 
electrically insulating material, for example alumina. 

25 Electrically conducting strips 5 are provided on or in the 
wall 1, the strips being preferably connected to ground. The 
electrically conducting strips 5 provide an uniform 
inductive electric field in the reaction chamber 
compensating for the limited length thereof. A reaction gas 

30 entry pipe 3, shown with an arrow, is disposed to a first 
side whilst on the opposite side a reaction gas exit pipe 4 
is disposed. 

A low frequency power generator 6 is provided 
between two filters 7 and 8 respectively in order to make 

35 possible inductive heating of the object O by the winding 2, 
low frequency here meaning a frequency smaller or equal to 
10 kHz. Furthermore, a high frequency power generator 9 is 
arranged inbetween two filters 11 and 12 and connected to 
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the electromagnetic winding 2 for the generation of 
electromagnetic power , for. example at a frequency of 13,56 
MHz or more, which frequencies are used for plasma 
generation as is necessary for PECVD processing of the 
5 object O. The low frequency power generator 6 can, for 

example, supply a power of around 20 kWatts, whilst the high 
frequency power generator can supply, for instance, an 
operating power of around 5 kWatts. The object O is 
connected to a high frequency power bias generator 13, so 

10 that suitable operation for the accurate control of ion 

energy impinging on the surface of the object can occur. The 
bias generator 13 can be phase locked with the high 
frequency generator 9. 

A first example of the method according to the 

15 present invention concerns the deposition of a cubic boron 
nitride film onto a conducting object. A gas mixture of N 2 
with a flow of 90 seem (standard cubic centimeters per 
minute) , H 2 with a flow of 10 seem and WF 6 with a flow of 5 
seem are supplied in the process chamber at a pressure of 

20 800 Pascal. A plasma is inductively gererated with a 

radiofreguency adjustable power, at 13,56 MHz of roughly 100 
Watt which is supplied by the generator 9, whereby a power 
density of 500 mW/cm 2 is realized near the object by the 
power generator 13. The power generator 13 is required to 

rs control the bias voltage to the object for instance to a few 
hundreds of volts. The object O can be kept accurately 
within a temperature range of 200-500°C with the aid of the 
low frequency power generator. A temperature sensor, not 
shown, is disposed within the reaction chamber and is 

30 coupled to a control, not shown, which controls power from 
the low frequency generator 6. 

A second preferred embodiment of the method 
according to the present invention concerns the deposition 
of a diamond like coating onto an electrically conducting 

35 object with a total gas flow of 80 seem, wherein ;;ae gas 

flow is substantially H 2 comprising 7 mol.% CO and 2,2 mol.% 
0 2 at a pressure of 250 Pascal. The high frequency generator 
9 generates the plasma at an adjustable power level of a few 
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hundreds Watts. The power generator 13 will be used to 
adjust the bias of the object O. With this process, the 
temperature is preferably kept in the range of 400-750 °C by 
accurate inductive heating ensured by the low-frequency 
5 power generator 6. In this second embodiment a reactor using 
inductive coupling is provided wherein the voltages across 
the plasma are low and therefore the ions have low energy. 

The low frequency induction is not, or at any rate 
only in a small amount, influenced by the plasma present. 

10 The generated high frequency energy is virtually completely 
absorbed by the resulting plasma, and does not directly 
interact with the substrate. 

The above described embodiments of the present 
invention provide a great number of advantages of which an 

15 important number, are the following: 

- the plasma density can be very high, for example 
up to 10 12 per cm 2 ; 

- the pressure range can be very wide, for 
instance from 10' 4 to 1 Torr; 

20 - a high level of three dimensional homogenity is 

achieved in the plasma; 

- the substrate, can be provided with an 
independant bias voltage which makes possible the control of 
the microstructure of the deposited layer; 

25 - by adjusting the frequencies, an easy scale-up 

or scale-down of the process chamber can be achieved; 

- reactor wall sputtering is prevented due to the 
very low ion energies which therefore ensures a clean 
technology ; 

30 - the heating efficiency can be large due to the 

fact that not much energy loss occurs during heating; 

- the heating can occur quickly due to the fact 
that the object is directly heated by so called eddy 
currents without entailing a large amount of thermal 

35 inertia; 

- the temperature regulation of the object or the 
substrate, can take place easily and accurately; 
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- the fact that the wall remains cold, prevents 
wall deposition and avoid .thus electrical screening of the 
applied inductive fields allowing metal deposition 
processes; 

5 - the apparatus can be kept compact, whilst at the 

same time many bias parameters, such as differing 
frequencies and temperatures, are possible; the production 
costs are expected to be low, the maintenance easy, and the 
operation is expected to be exceptional due to the 

10 simplicity and low break-down susceptibility. 

The requested rights are in no way limited by the 
hereabove described preferred embodiments of the invention, 
but are rather defined by the following claims. In that 
respect it will be especially noted by one skilled in the 

15 art that an intended non limiting variation with respects to 
the embodiments is concerned with allowing transfer of low 
frequency and high frequency electromagnetic power 
respectively, by means of separate coil windings, as well as 
other processes than PECVD being possible with the apparatus 

20 and method according to the present invention. 

There are for example lots of promising 
applications in the field of metallurgy, where the multi- 
frequency induction can be used to achieve process 
performance out of reach by any other means. 
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. CLAIMS 



1. A method for processing a substrate of a 
certain material, wherein the material is inducted with heat 
by a relatively low frequency electrical current and wherein 
a relatively high frequency electrical current is used for 

5 further processing of said material. 

2. A method according to claim 1, wherein the 
relatively high frequency is capable of generating plasma 
from a supplied gas and wherein the processing is PECVD. 

3. A method according to claims 1 or 2, wherein 
10 the object is an electrically conducting object that is for 

instance made of metal. 

4. A method according to claims 1, 2 or 3, wherein 
a gas mixture of N 2 , H 2 and WF 6 is supplied into the reaction 
chamber • 

15 5. An apparatus according to claims l f 2 or 3, 

wherein a gas mixture comprising 'R z§ CO and 0 2 is supplied 
to the reactor. 

6. An apparatus for processing an object out of, 
or a certain amount of a certain material , wherein the 

20 device comprises: 

- a reactor chamber with an outer wall, which is 
at least partially made from non-conducting material; 

- arranging means for arranging of the material in 
the reaction chamber; and 

25 - an electric conductor, for generating an 

alternating electric field in the reactor, which is supplied 
next to the wall of the reactor. 

7. An apparatus according to claim 6, wherein the 
reaction chamber is provided with one or more gas entries 

30 and one or more gas exits. 

8. An apparatus according to claim 6 or 7, wherein 
strips of electrically conductive material are provided in, 
near or on the outer wall. 
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9. An apparatus according to any of the claims 6, 
7 or 8, provided with a generator for building up a bias 
voltage to the object to be arranged in the reaction 
chamber . 
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